Introduction: Calprotectin, a heterodimeric complex of S100A8/9 (MRP8/14), has been proposed as an important serum biomarker that reflects disease activity and structural joint damage in rheumatoid arthritis (RA). The objective of this cross-sectional study was to test the hypothesis that calprotectin is associated with clinical and ultrasound-determined disease activity in patients with RA.
Introduction
Rheumatoid arthritis (RA) is a common chronic inflammatory autoimmune disease characterised by persistent synovitis, the development of joint deformities, the presence of autoantibodies and an increased risk of cardiovascular comorbidities [1] . Recent data clearly suggest that treatment to target is an optimal treatment strategy providing the best results for suppressing inflammation and thus avoiding irreversible joint damage in patients with RA [2, 3] . In contrast to the majority of chronic diseases such as hyperlipidaemia or diabetes mellitus, there is no single gold standard biomarker for RA. A physical examination of patients' joints and the parameters of the acute-phase response are routinely used in daily clinical practice to assess the disease activity of RA. The target of treatment in RA is remission or low disease activity, which is obtained by using several composite indexes [4] [5] [6] [7] . Nevertheless, a clinical examination might lack sensitivity in patients with mild synovitis, be limited in patients with established deformities, and be overestimated in patients with concomitant fibromyalgia or other comorbidities. Therefore, identifying novel, sensitive serum biomarkers of RA disease activity remains challenging.
Calprotectin is a heterodimeric complex of S100A8/ A9 [8] (myeloid-related protein, MRP8/MRP14) [9] , calgranulin A and B [10] , L1 protein [11] and cystic fibrosis antigen [12] . It is released during inflammatory processes, predominantly from activated leukocytes at the sites of joint inflammation [13] , and could be used as a valuable biomarker of several inflammatory diseases, including RA [14] [15] [16] [17] [18] [19] . Calprotectin is upregulated in RA synovial fluid and synovial tissue, with a large amount of the protein in the immune cells adjacent to the sites of joint damage [20] . Circulating calprotectin is elevated in active disease and decreases after effective treatment; it has been shown to potentially be a more sensitive biomarker of disease activity in RA than conventionally used acute-phase proteins predominantly of hepatic origin [21] . High calprotectin levels have been demonstrated to predict radiographically determined progression of RA [22] .
Musculoskeletal ultrasonography is used increasingly as a valuable imaging tool for evaluating RA activity [23] . Numerous studies have shown that the sensitivity of ultrasound examination is superior to that of clinical examination [24] [25] [26] , including the determination of subclinical synovitis [27] [28] [29] [30] [31] [32] . Hammer et al. [33] recently demonstrated in a small study that circulating calprotectin is significantly associated with ultrasound disease activity in patients with RA. Therefore, the aim of this study was to compare the association between calprotectin, traditional markers of inflammation and ultrasound-determined RA disease activity.
Methods

Patients
Thirty-seven patients fulfilling the American College of Rheumatologists (ACR) 1987 [34] and/or the ACR/European League against Rheumatism (EULAR) 2010 classification criteria for RA [35] were recruited for this study. All the patients were recruited from the outpatient rheumatology clinic at the Institute of Rheumatology in Prague. The study was performed according to the principles of the Declaration of Helsinki and was approved by the local ethics committee of the Institute of Rheumatology in Prague. Informed consent was obtained from all of the patients before entry into the study. The patient characteristics are provided in Table 1 . All of the patients underwent an assessment of tender and swollen joints by an experienced study nurse. Disease activity was assessed by the disease activity score for 28 joints (DAS28), using the swollen joint count (SJC) and tender joint count (TJC), erythrocyte sedimentation rate (ESR), and the patient's global assessment of activity on a visual analogue scale (VAS).
Laboratory assessment
Fasting blood samples were obtained on the same day that the ultrasound examination was performed. The serum samples were centrifuged and stored at −80°C until the analysis. Calprotectin was measured by a commercially available enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's instructional protocol (Bühlmann Laboratories AG, Schőnenbuch, Switzerland). The inter-assay and intra-assay reliability of the S100A8/9 assays were 5.8 % and 4.3 %, respectively, and the detection limits were 0.4 μg/mL. ESR was measured using a BD-15 TM instrument (BD, NJ, USA). C-reactive protein (CRP) level was measured using turbidimetry (Beckman (Beckman Coulter, CA, USA). Anticyclic citrullinated peptide (anti-CCP) antibodies were analysed using standard ELISA kits (Test Line s.r.o., Brno, Czech Republic).
Ultrasound imaging
The ultrasound examinations were performed with Esaote Mylab 60 equipment (Esaote S.p.A., Genova, Italy) using a linear transducer with a 18 MHz frequency. The Power Doppler was pre-set, and no adjustments of the Doppler parameters were allowed. The patients were examined according to the German US7 score in the following seven joint areas: wrist, second and third metacarpophalangeal (MCP) and second and third proximal interphalangeal (PIP) and second and fifth metatarsophalangeal joints of the clinically more affected hand and foot. [36] . We used a modification of the original German US7 [37] . In contrast to the original US7, which examines synovitis of the MCP and PIP joints in Grey scale (GS) only from the palmar view, we assessed synovitis in GS in this area using both the palmar and the dorsal view. Further, in contrast to the original German US7, which assesses tenosynovitis/paratenonitis on the second and third finger both from palmar and dorsal aspect, we assessed tenosynovitis only from the palmar aspect. Synovitis in the GS was scored semiquantitatively (0 = absence, 1 = mild, 2 = moderate, 3 = severe synovitis), as follows: grade 1 = a small hypoechoic/anechoic line beneath the joint capsule; grade 2 = the joint capsule elevated parallel to the joint area; and grade 3 = a strong distension of the joint capsule [38] . Synovitis and tenosynovitis were classified semiquantitatively by power Doppler (PD), as follows: grade 0 = no intraarticular colour signal; grade 1 = up to three single colour signals or two single signals and one confluent signal in the intraarticular area; grade 2 = greater than grade 1 to <50 % of the intraarticular area filled with colour signals; and grade 3 = ≥50 % of the intra-articular area filled with colour signals. Tenosynovitis in the GS was registered as absent (0) or present (1). An overall GS and PD signal score was calculated as the sum of GS synovitis, PD synovitis and GS tenosynovitis and PD tenosynovitis with the scoring range 0-39 for GS synovitis, 0-39 for PD synovitis, 0-5 for GS tenosynovitis and 0-15 for PD tenosynovitis. The ultrasonographers were unaware of each patient's clinical examination and laboratory findings.
To test the ultrasound interobserver reliability, eight intermediate-level or advanced-level ultrasonography investigators performed an ultrasound examination, using the US7 German score, in five RA patients with various degrees of disease activity. After 24 hours, a reexamination was performed to assess the intraobserver reliability.
Statistical analysis
The data are described as the mean and SD, unless stated otherwise. Basic descriptive statistics (the mean, median, SD, skewness and kurtosis) were computed for all of the variables, which were subsequently tested for normal distribution using the Kolmogorov-Smirnov test. The bivariate relationship between the variables was assessed using Spearman's correlation coefficient. Univariate and multivariate regression analyses were used to predict PD synovitis by a set of predictors (calprotectin and CRP), adjusted for age and sex. P values less than 0.05 were considered statistically significant. The interobserver agreement between readers and intraobserver agreement between repeat readings by the same observer were calculated using nonweighted Cohen's kappa coefficients. The kappa coefficients were assessed according to the convention suggested by [39] . The agreement percentages were calculated. The statistical analysis was performed using SPSS version 17 statistical software (SPSS, Inc., Chicago, IL, USA).
Results
Baseline patient characteristics
The clinical, laboratory and ultrasound characteristics of the patients are shown in Table 1 . At the time of examination, four patients had highly active disease (DAS28 >5.1), 10 patients had moderate disease activity (3.2< DAS28 ≤5.1), four patients had low disease activity (2.6≤ DAS28 <3.2) and 19 patients were in remission (DAS28 <2.6). Rheumatoid factor (RF) and anti-CCP positivity were found in 57 % and 60 % of RA patients, respectively.
The mean (SD) symptom duration was 20 (15) months from the initial clinical symptoms. Twenty-seven patients were treated with methotrexate (at a mean dose of 13.6 mg/week, range 5 to 20 mg/week), two patients were treated with sulfasalazine (at a mean daily dose of 2.5 g, range 2 to 3 g), two patients were diseasemodifying anti-rheumatic drug (DMARD)-naive, and four patients in stable remission were without treatment. Nine patients received glucocorticoids (at a mean daily dose of 11.25 mg of prednisolone or its equivalent, range 2.5 to 20 mg).
Ultrasound interobserver and intraobserver reliability
The overall interobserver agreement among the eight investigators performing US7 in the five RA patients in two rounds was 0.607, which indicates borderline moderate to substantial agreement. Substantial interobserver agreement (kappa = 0.717) was found for synovitis in GS, and moderate inter-reader agreement was found for synovitis in PD (kappa = 0.527). The mean intraobserver agreement was excellent (kappa = 0.825), with a minimum of 0.604 and a maximum of 0.963.
Associations between traditional measures of disease activity and ultrasound scores
In the cross-sectional analyses, we found moderate to strong correlation between ultrasound measures such as GS and PD synovitis scores, and the following variables: TJC (r = 0.532, P <0.005 and r = 0.580, P <0.001, respectively), SJC (r = 0.684, P <0.001 and r = 0.606, P <0.001, respectively), DAS28 (r = 0.631, P <0.001 and r = 0.707, P <0.001, respectively), CRP (r = 0.451, P <0.01 and r = 0.463, P <0.005, respectively) and ESR (r = 0.376, P <0.05 and r = 0.428, P <0.01, respectively).
However, there was no significant association between GS or PD tenosynovitis and the above-mentioned measures of disease activity.
Calprotectin is associated with clinical, laboratory and ultrasound disease activity Serum calprotectin levels were significantly correlated with SJC (r = 0.465, P <0.005), DAS28 (r = 0.430, P <0.01), ESR (r = 0.370, P <0.05) and, in particular, CRP levels (r = 0.629, P <0.001). There was no association between serum calprotectin levels and TJC, neither with GS nor PD tenosynovitis scores. Calprotectin was significantly associated with GS (r = 0.359, P <0.05) and more significantly, with PD synovitis score (r = 0.497, P <0.005) ( Table 2 ). Calprotectin serum levels were not associated with IgM-RF or anti-CCP levels.
The predictive value of calprotectin for ultrasound synovitis
Hierarchical multiple regression analysis was used to predict PD synovitis score by calprotectin and CRP in the first step; the effect of sex and age was controlled by adding these variables in the second step. In the univariate analyses, calprotectin was shown to be better (β = 0.001, P <0.001, R 2 = 0.757) than CRP (β = 0.215, P <0.001, R 2 = 0.495) at predicting PD synovitis score. For calprotectin and CRP, the increase of R 2 in predicting PD synovitis score was not significantly affected by adding sex and age into the regression model (Table 3) .
Discussion
In this study, we demonstrated a significant association between serum calprotectin level, clinical and laboratory markers of disease activity, and ultrasound PD synovitis score in RA patients. We found that calprotectin might be a better predictor of ultrasound-determined synovial inflammation than CRP.
Calprotectin is predominantly produced at synovial inflammation sites and reflects the amount of activated synovial macrophages [13] . As a small molecule, calprotectin easily diffuses from synovial fluid and inflamed synovium into the bloodstream [11] . Correspondingly, serum calprotectin strongly correlates with that in synovial fluid and is significantly associated with acutephase reactants and clinical disease activity [16, 40, 41] , which was observed in our study. In clinical practice, however, some patients do not develop high CRP levels in spite of active disease, and there is evidence that calprotectin could be elevated even when the acute-phase reactants are normal [42, 43] . Therefore, calprotectin could provide more relevant information on disease activity than does CRP and might be an important biomarker of disease activity in RA [44] .
Recently, we found that a decrease in the serum levels of calprotectin, but not CRP, was a significant predictor for improvement in the total number of swollen joints in RA [21] . To further ensure an accurate assessment of joint inflammation, we provided ultrasound measurements of disease activity in RA, which could be a more sensitive tool than a clinical examination for determining inflamed joints [45] . Several ultrasound scoring indices evaluating different joints and combinations have been developed showing good correlation with disease activity [38, 46, 47] . In this context, the German US7 score developed by Backhaus et al. includes an examination of the most frequently affected joints in RA and has been shown to be a valuable and reliable tool for the ultrasound examination of inflamed joints, which is suitable for monitoring disease activity [36] . This reduced 7-joint ultrasound score has been shown to be strongly correlated with the 78-joint score, indicating that an approach focusing on a few joints provides information on inflammatory activity in RA patients that is equivalent to that of a comprehensive ultrasound examination [48] . In agreement with several reports [25, 49] , we found significant correlation between ultrasound measures, and clinical and conventional laboratory markers of disease activity. Furthermore, we demonstrated a moderate association between the levels of serum calprotectin and ultrasonography-determined synovitis in GS and, more importantly, with PD synovitis, reflecting actively inflamed joints. Our results thus support recent findings by Hammer et al., who found significant correlation between circulating calprotectin and comprehensive ultrasound assessment in 20 patients with established RA [33] . More importantly, we found that serum calprotectin might be superior to CRP in predicting ultrasounddetermined synovial inflammation. Our study has some limitations. First, the design was cross-sectional. Second, disease duration was short, and RA disease activity was relatively low, primarily because the majority of the patients were recruited from a cohort with early RA [50] . These patients initiated treatment within the first months of symptom duration, and the majority reached remission or low disease activity. Third, a relatively small number of patients were included in this study. A longitudinal study evaluating the association between calprotectin and ultrasound synovitis in patients with long-duration and active RA has already been performed [33] , although the number of patients was smaller than in our study. A further weakness of our study was the participation of more ultrasonography investigators, which, however, could be considered a strong point because having additional investigators reflects routine clinical practice more accurately. Further studies on larger cohorts are needed to confirm these data.
Conclusions
This study shows significant association between serum levels of calprotectin and clinical, laboratory, and ultrasound assessments of joint inflammation in RA patients. We suggest that calprotectin might be a valuable serological marker of RA inflammatory disease activity.
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